Background: There are several reports of seasonal variation in hemoglobin A1c (HbA1c) in patients with type 2 diabetes (T2DM), but no reports of seasonal variation in the effect of add-on drugs on blood glucose control in insulin-treated patients.
Introduction
Seasonal variation in hemoglobin A1c (HbA1c) level in patients with type 2 diabetes (T2DM) has been reported [1] [2] [3] [4] [5] [6] [7] [8] [9] . The most frequently reported month in which HbA1c reached its highest level was March in Japan [1, 2, 4] and January to March in other countries in the Northern Hemisphere [1] [2] [3] [4] [5] [6] . Although periods in which HbA1c fell to its lowest level varied slightly, they were generally reported to be August to October in the Northern Hemisphere [1] [2] [3] [4] [5] [6] . Fleegler et al have reported that the pattern of variation in the incidence of diabetes by month in cities in the Northern Hemisphere was the reverse of that in cities in the Southern Hemisphere [10] . A correlation between HbA1c levels and mean temperatures has also been reported [1] . To treat patients with T2DM, it is important to lower blood glucose levels and keep them constant. Seasonal variation can interfere with blood glucose control in diabetic patients. However, a report by Sakura et al is the only study that verified seasonal variation in the effect of antidiabetic drugs throughout the year [7] , and there has been no study that verified seasonal variation in the effect of antidiabetic drugs used concomitantly with insulin.
Therefore, we used data collected in the multicenter AS-SIST-K study [11] [12] [13] [14] to verify seasonal variation in the effect of add-on sitagliptin on blood glucose control in patients on insulin therapy.
Materials and Methods

Study design
The ASSIST-K study was a 1-year multicenter retrospective observational study conducted at member institutions of the Kanagawa Physicians Association that specialized in managing diabetes. This study was approved by the Ethics Review Board of the Kanagawa Physicians Association. This study was registered with the Clinical Trials Registry (http://clinicaltrials.gov; NCT01855087) and was undertaken in accordance with the study protocol, the Declaration of Helsinki and the Ethical Guidelines for Clinical Studies of the Japanese Ministry of Health, Labour, and Welfare. Informed consent was not required because of the retrospective character of the study.
Subjects
This retrospective study included patients receiving sitagliptin in addition to insulin from November 2011 to March 2013 at 36 diabetes clinics in Kanagawa Prefecture, Japan. Outpatients with T2DM over 20 years old attending member institutions of the Kanagawa Physicians Association were eligible to be enrolled in this study if they had shown poor glycemic control on insulin therapy for at least 1 month before the initiation of sitagliptin. The following patients were excluded: patients with a history of hypersensitivity to any of the ingredients of sitagliptin; patients who had experienced severe ketoacidosis, diabetic coma, or precoma within 6 months before starting sitagliptin; patients with severe infection; patients in the preoperative or postoperative period; patients with severe trauma; patients using glinides; and other patients who were judged to be inappropriate for this study by the investigator. Among patients enrolled in the ASSIST-K study, those receiving sitagliptin as add-on therapy to insulin were analyzed if they had HbA1c data at both the start and after 12 months of sitagliptin treatment (i.e. the population in which the change in HbA1c over 12 months could be calculated). In addition, in order to accurately verify the relationship between the blood glucose control effect of sitagliptin and seasonal variations, the following patients were excluded: patients whose HbA1c was less than 6.9%; patients with inadequate medication information; and patients who had switched drugs at the start of sitagliptin administration.
Endpoints
Demographic factors were investigated, including the sex, age, body mass index (BMI), duration of diabetes, and medical complications. To investigate the seasonal effect of sitagliptin on the reduction of HbA1c, patients were divided into four groups based on the month when sitagliptin was started.
HbA1c was most frequently reported to reach its highest level in March in Japan [1, 2, 4] and its lowest level in August to October [1] [2] [3] [4] . Therefore, patients were divided into four groups based on the period in which sitagliptin was started: group 1 (in February to April), group 2 (in May to July), group 3 (in August to October), and group 4 (in November to January of the following year), which is the same as previously described [7] . Then changes in HbA1c and BMI at 1, 3, 6, 9, and 12 months from baseline, which was the first day of sitagliptin administration, were compared within each group and among the groups. Moreover, the amount of change in HbA1c at 6 months from baseline was also analyzed after adjustment for patients' characteristics. The occurrence of hypoglycemia was also analyzed by the period when sitagliptin was started. The definition of hypoglycemia in this study was "patients with subjective symptoms and reported as hypoglycemia by a physician as an adverse event".
Statistical analysis
The data were analyzed using R version 3.5.2 (R Foundation for Statistical Computing, Vienna, Austria (https://www.Rproject.org/)). To test for differences in patient characteristics, we used analysis of variance (ANOVA) for continuous variables and the Chi-squared test for nominal variables. For intragroup changes in HbA1c and BMI, changes from baseline were compared using the paired t-test. In these comparisons, multiplicity was not considered. For the intergroup comparison of HbA1c and BMI, the Tukey-Kramer test was used. We also considered the possibility that other patient characteristics may have influenced the amount of change in HbA1c and performed an analysis of covariance with amount of change in HbA1c at 6 months from baseline as the objective variable, group (or period when sitagliptin was started) as the fixed factor, and HbA1c and BMI at the start of sitagliptin, sex, age, amount of change in BMI at 6 months from baseline, the number of insulin administrations per day, the amount of insulin administered per day, the use of long-acting insulin, the change in the amount of insulin administered per day at 6 months from baseline, and the concomitant use of sulfonylureas (SU) as covariates. Regarding the occurrence of hypoglycemia, differences in the number of patients who developed hypoglycemia at 0 (baseline) to 3 months, 4 to 6 months, 7 to 9 months, and 10 to 12 months were analyzed using the Chi-squared test. Significance was set to a two-sided P value of < 0.05. Nominal data are presented as the number of cases (%) and continuous data as mean ± standard deviation.
Results
Of 1,168 patients enrolled in the ASSIST-K study at 36 institutions in Kanagawa Prefecture, 630 patients met the present study's criteria and were considered analyzable ( Fig. 1) . Characteristics of the patients in each group are shown in Table 1 . There were 172, 113, 151, and 194 patients in groups 1, 2, 3, and 4, respectively. Intergroup differences were observed in age, the concomitant use of SU, BMI, diastolic blood pressure, high-density lipoprotein cholesterol, and blood urea nitrogen.
Change in HbA1c in each group is shown in Figure 2 , and the amount of change in each group is shown in Figure 3 . Regarding intragroup changes from baseline, significant decreases were observed at all timepoints from 1 month to 12 months from baseline. There was no significant intergroup difference in HbA1c at baseline, while the largest decrease in HbA1c at 6 months from baseline was observed in group 1 (group 1: -1.04 ± 1.13, group 2: -0.70 ± 0.98, group 3: -0.63 ± 1.06, and group 4: -0.71 ± 1.06; group 1 vs. group 2: P = 0.045, group 1 vs. group 3: P = 0.005, and group 1 vs. group 4: P = 0.021). Regarding the amount of change in HbA1c at 3 months, a significant difference was observed between groups 1 and 4 (group 1: -0.88 ± 1.03 and group 4: -0.56 ± 1.00; group 1 vs. group 4: P = 0.010), while there was no intergroup difference in the amount of change in HbA1c at 1, 9, or 12 months.
The amount of change in BMI from baseline showed a We conducted an analysis of covariance of the amount of change in HbA1c at 6 months from baseline, which took into account the influences of HbA1c and BMI at the start of sitagliptin, sex, age, the amount of change in BMI at 6 months from baseline, the number of insulin administrations per day, the amount of insulin per day, the use of long-acting insulin, the amount of change in insulin administered per day at 6 months from baseline, and the concomitant use of SU. This analysis showed a significantly larger decrease in group 1 than in any of the other three groups (Fig. 4) . There was no significant intergroup difference in the period of hypoglycemia occurrence (Table 2) .
Discussion
Regarding the effect of add-on sitagliptin on blood glucose control in insulin-treated patients, the results of the present study showed that the decrease in HbA1c at 6 months from baseline was significantly larger in the February-to-April group (group 1; the group in which sitagliptin was started in February to April) than in the other three groups. However, decrease in HbA1c at 12 months from baseline was not significantly larger among the groups. Even after adjusting for patient characteristics, the analysis of covariance of factors influencing the amount of change in HbA1c at 6 months from baseline showed a significantly larger decrease in group 1 than in the other groups. No reports have disclosed a seasonal difference in the effect of antidiabetic drugs used concomitantly with insulin, and therefore these findings should be regarded as new real-world evidence of that difference.
Sakura et al have reported on seasonal variation in the effect of sitagliptin in patients who were not using insulin concomitantly [7] . The present study followed their scheme for grouping patients. In their report, the HbA1c-lowering effect at 3 months from baseline was smaller in group 3, whose patients started sitagliptin in August to October, than in the other groups. In our study, the decrease in HbA1c at 3 months from baseline was significantly larger in group 1, whose patients started sitagliptin in February to April, than in group 4, whose patients started sitagliptin in November to January. No other significant intergroup difference was observed. Although their results and our results cannot be strictly compared because Sakura et al did not measure the HbA1c-lowering effect at 6 months from baseline, what these results have in common is that they show the effect of sitagliptin is seasonally dependent. Our findings indicate that when sitagliptin is started in the high HbA1c period, a larger decrease in HbA1c is observed at 6 months from baseline than in other groups. By contrast, the report by Sakura et al indicates that when sitagliptin is started in the low HbA1c period, HbA1c is less likely to decrease than in other periods. The temporal difference in these seasonal variations may be due to the higher HbA1c level at the start of sitagliptin in group 3 in August to October in our study (8.70 ± 1.31) than in the study by Sakura et al (7.75 ± 0.97). Since the subjects in our study were using insulin concomitantly, they had high baseline levels. Although HbA1c levels showed no significant intergroup difference at the start of sitagliptin, they were slightly higher in group 3 than in groups 1 and 2. In the report by Sakura et al, HbA1c levels also showed no intergroup difference at the start of sitagliptin and were slightly lower in group 3 than in groups 1, 2, and 4. Baseline HbA1c levels in the report by Sakura et al were high in group 1 and low in group 3, which is similar to many of 
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Data are presented as number (%) or mean ± SD. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; eGFR: estimated glomerular filtration rate; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; GOT: glutamate oxaloacetate transaminase; GPT: glutamate pyruvate transaminase; γ-GTP: γ-glutamyl transpeptidase; BUN: blood urea nitrogen; HbA1c: hemoglobin A1c; SD: standard deviation. *P < 0.05 ANOVA; **P < 0.05 Chi-squared test.
Table 1. Patient Characteristics -(continued)
the previous papers reporting seasonal variation but different from our report. In our report, baseline HbA1c levels in group 3 were conceivably high enough to decrease sufficiently at 3 months from baseline. We think that this factor also contributed to differences observed in the timepoint when intergroup differences were detected by analysis based on the period of sitagliptin initiation. Regarding eating habits in winter, changes are likely to occur during Christmas, the year-end, and New Year holidays. Jones et al have reported that blood glucose and lipids levels were higher in the 31 days after Christmas than their annual averages [15] . Gikas et al have also reported that fasting blood glucose levels reached a clear peak after Christmas [16] . Although changes in eating habits during Christmas, year-end, and New Year holidays are short-term [15] , irregular eating habits can continue after these holidays, and therefore we should be cognizant of their influences on blood glucose levels and HbA1c.
Kanamori et al have reported noncompliance with diet/exercise therapy in a group with increasing HbA1c levels in early winter even after sitagliptin initiation, and in contrast to a group with stabilized HbA1c levels after sitagliptin initiation [17] . Although we have no data on compliance with diet and exercise therapies at 6 months from baseline in the present study, a relative lack of exercise in the winter compared with summer could be a factor contributing to the increase in HbA1c.
This report by Kanamori et al also compared changes in BMI and found no seasonal difference. Sohmiya et al also have reported that body fat and HbA1c levels increased in winter and decreased in summer, while body weight did not change markedly [3] . In our study, although the amount of change in BMI at 6 months from baseline did not differ significantly among the groups based on when sitagliptin was started, only BMI in group 1 tended to decrease. In the analysis of covariance of factors affecting the amount of change in HbA1c level at 6 months from baseline, however, the period when sitagliptin was started was a significant factor, even when the influence of change in BMI was accounted for by including it as a covariate. The present report also supported the notion that seasonal change in HbA1c level is not necessarily the same as seasonal change in body weight.
Hypoglycemia was analyzed by sitagliptin initiation period. No seasonal difference was detected. Hashimoto et al have reported that more patients were hospitalized due to hypoglycemia during the cold season. However, when only insulintreated patients were analyzed, no significant seasonal difference was detected [18] . In the present study, all patients used insulin. The absence of a seasonal difference in the incidence of hypoglycemia may be because insulin dosage can be easily adjusted through physician-patient communication. In a different study in Japan, severe antidiabetic drug-induced hypoglycemia occurred more frequently in the cold season than in the warm season and was associated with inflammation in patients treated with SU [19] . In this study, the data of 125 severe cases were collected over 14 years since 2001, which is longer than the period of data collection in our study. Moreover, since the effect of sitagliptin depends on blood glucose level, hypoglycemia is conceivably less likely to occur. The insulin secretagogue action of glucagon-like peptide 1 depends on blood glucose level [20] . A meta-analysis of the effects of dipeptidyl peptidase-4 (DPP-4) inhibitors demonstrated that they are associated with a lower risk of inducing hypoglycemia than SU [21] . Since many studies have reported the improbability that sitagliptin induces hypoglycemia [22] [23] [24] [25] , a small number of hypoglycemic events that occurred is conceivably one of the factors contributing to the absence of seasonal difference in the occurrence of hypoglycemic events. The exact mechanism of the seasonal change in this study is unknown. However, we believe that not only does HbA1c negatively correlates with temperature, but also the properties of DPP-4 inhibitors that exert their effects in a blood glucosedependent manner. For this reason, we consider that other DPP-4 inhibitors have seasonal variations in the effect, similar to the present results. There is no paper that mentions seasonal variation when using other diabetes medications, so we cannot say for sure. However, if other diabetes medications have seasonal effect, it may only have small difference compared to this study. Further investigation is desired about it.
The present study has several limitations. First, it was retrospective in design with data collected from patients on insulin therapy who were able to continue sitagliptin concomitantly at least for a certain period of time, and thus it was susceptible to patient selection bias. Second, there was no control group. Third, the analysis did not include drinking and smoking information due to the large amount of unknown data. Fourth, dosages of insulin or antidiabetic drugs were not fixed. At last, the seasonal effect of a drug on blood glucose control was not observed for all drugs.
Conclusions
The decrease in HbA1c at 6 months from the start of sitagliptin was significantly larger in insulin-treated patients who started sitagliptin in February to April than in those who started it in other periods. However, the amount of change in HbA1c at 12 months is similar among the sitagliptin initiation periods. The consideration of seasonal variation enables more accurate evaluation of the short-term effect of a drug on blood glucose control.
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